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Purpose or Objective: Real time MR-guided radiotherapy is 
an emerging technology. The effect of magnetic field 
exposure on radiosensitivity is unknown. This study aimed to 
determine the effect of magnetic field exposure on the 
repair of radiation-induced DNA double-strand breaks in 
human prostate cancer cells. 
 
Material and Methods: Human PC-3 prostate cancer cells and 
benign prostatic hypertrophy (BPH) cells were cultured and 
plated into 96-well dishes and irradiated with 2 Gy of 6 MV 
photons on a linear accelerator. Each cell line was exposed to 
either 2 Gy of ionizing radiation alone (IR) or 15 minutes of 
0.2 T magnetic field concurrently with 2 Gy IR (IR + B). Cells 
were fixed at 15 minutes or 24 hours following IR and 
immunostained with fluorescent-labelled antibody to γH2AX, 
a marker of DNA double-strand breaks. For each experimental 
scenario, the number of γH2AX foci per cell were determined 
using a Molecular Devices MetaXpress High Content Imaging 
Platform, for sample sizes between 3370 and 8402 cells. To 
classify response, radiation-induced damage was associated 
with cells having more than five foci. 
 
Results: Magnetic field exposure resulted in a significantly 
higher percentage of PC-3 cells with five or fewer γH2AX foci 
at 24 hours following IR (42 vs 37 percent, p < 0.01) but had 
no significant effect on BPH cells (89 vs 88 percent, p = 
0.26). In both cell lines, magnetic field exposure significantly 
reduced the percentage of cells with five or fewer γH2AX foci 
15 minutes following IR (p < 0.01) (Table 1).  
 
Table 1. Percentage of BPH and PC-3 cells with ≤ 5 γH2AX 
foci at 15 minutes and at 24 hours after exposure to 2 Gy of 
ionizing radiation alone (IR) vs 2 Gy of ionizing radiation with 
15 minutes of concurrent 0.2 T magnetic field exposure (IR + 
B).  
 
 
Conclusion: The preliminary results suggest that the 
presence of a magnetic field during irradiation reduces DNA 
damage at 24 hours post-irradiation for PC-3 human prostate 
cancer cells. Conversely, magnetic field exposure increased 
the DNA damage present 15 minutes following IR in both cell 
lines, suggesting a different mechanism at play, such as 
altered free radical flux or differences in the kinetics of the 
initiation of the DNA damage response. Cell viability assays, 
gene expression profiling and testing of other cell lines will 
yield important insights into the implications for real time 
MR-guided radiotherapy.  
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Purpose or Objective: It has previously been demonstrated 
that prolonged expression of the γ-H2AX DNA repair 
biomarker in irradiated peripheral blood lymphocytes 
correlated with excess toxicity from radiotherapy treatment 
in patients. γ-H2AX fluorescence in cells has been established 
asan indicator of double strand breaks, and a marker for DNA 
damage and repair of cells after irradiation. This case study 
illustrates that the peripheral blood lymphocytes of a patient 
with CDC73 deficiency retained γ-H2AX fluorescence over 24 
hours to a greater degree than a patient with normal DNA 
repair.  
CDC73 deficiency is an autosomal dominant inherited 
syndrome. The gene on chromosome 1q31 encodes a tumour 
suppressor that is known to be involved in transcriptional and 
post-transcriptional control pathways. The protein is a 
component of the PAF protein complex, which associates 
with the RNA polymerase II subunit POLR2A and with a 
histone methyltransferase complex, and is involved in 
regulation of transcription coupled nucleotide excision 
repair. 
A patient with CDC73 mutation with a typical history of 
primary hyperparathyroidism, an ossifying fibroma of the 
jaw, renal cysts and a renal cell carcinoma developed a 
carotid body paraganglioma which was to be treated with 
stereotactic radiotherapy. There was concern that the 
syndrome (associated with multiple tumours) would lead to 
unusual radiation sensitivity following standard radiotherapy 
prescriptions, and this study aimed to establish if this would 
be the case. 
 
Material and Methods: Peripheral blood lymphocytes (PBLs) 
from the patient were irradiated with 2Gy and fixed at 30 
minutes and 24 hours, stained for γ-H2AX and compared with 
PBLs from a normal and radiosensitive patient (patient P - 
thyroid cancer with excessive toxicity to radiotherapy). They 
were also compared with known DNA repair defective 
immortalised fibroblasts from AT5BIVA (patient with classical 
ataxia telangiectasia). The cells were analysed on an 
Imagestream flow-cytometer. 
 
Results: 
 
 
Conclusion: It may be confidently predicted that this patient 
with CDC73 deficiency would demonstrate more vigorous 
radiation reactions in normal tissues for any standard dose of 
radiotherapy, due to a possible defect in DNA repair and this 
should be considered when planning his Cyberknife treatment 
for the carotid body paraganglioma. The exact mechanism for 
this will need to be considered along with current knowledge 
of the role of CDC73.  
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Purpose or Objective: The quantitation of nuclear ɣ-H2AX 
foci in cells has been established as an indicator of double 
strand breaks, and therefore a marker for DNA damage and 
repair of cells after irradiation. The new generation image 
flow cytometer by Amnis Imagestream Mark II enables the 
rapid and simultaneous processing of images on multiple 
channels of large numbers of cells. It also has a unique 
feature or “wizard” which allows the identification of cell 
cycle distribution based on the fluorescence intensity of 
nuclear staining, in this case using the far red fluorochrome 
Draq5. This study aims to use this facility to establish 
whether there are different numbers of ɣ-H2AX foci in cells 
depending on the phase of the cell cycle. This is a novel 
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study and the outcome will inform future studies using ɣ-
H2AX staining.  
 
Material and Methods: 
Fibroblast Cell Lines (SV40 immortalised) 
− MRC5-SV1 - Repair normal. 
− AT5BIVA – Classical ataxia telangiectasia.  
Irradiation Cells  
Irradiated with 2 Gy gamma radiation; harvested and fixed in 
50:50 V:V methanol acetone. Time points: Un-irradiated, 30 
min, 3, 5 and 24 hrs post irradiation.  
Immunocytochemistry 
Primary antibody: Anti-phospho-histone H2AX (Ser139), 
mouse monoclonal antibody clone JBW301 (1/10,000, 
Millipore).  
Secondary antibody: Rabbit anti-mouse AlexaFluor488 
(1/1000, Invitrogen).  
DNA counterstained with Draq 5 (Biostatus Ltd.) 
Imaging flow cytometry  
Images of 5-10,000 cells captured  
 
Results: 
 
 
Statistical Analysis • 30 minute time point, comparing mean 
foci count for G0/G1, S and G2/M with one-way ANOVA test: 
− MRC5-SV1 (repair normal); F(4,4010)=163.5, p <0.001 − 
AT5BIVA (DNA repair defective); F(2,2919)=421.3, p <0.001  
 
Conclusion: We have identified cells in different phases of 
the cell cycle by analysing intensity of the Draq 5 nuclear 
stain and negating the need for extra staining. These data 
have shown a statistically significant difference between foci 
numbers in different phases of the cell cycle at one time 
point for a normal cell line and a DNA repair deficient cell 
line. Further work will look at differences in the cell cycle 
distribution between the two cell lines  
 
Electronic Poster: Radiobiology track: Radiobiology of 
protons and heavy ions  
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Purpose or Objective: Although mitochondria are known to 
play an important role in radiation-induced cellular damage 
response, the mechanisms by which tumor cells respond to 
the mitochondrial damage induced by high linear energy 
transfer (LET) radiation are largely unknown. 
 
Material and Methods: Human cervical cancer cell line HeLa 
and human breast cancer cell lines MCF-7 and MDA-MB-231 
were irradiated with high linear energy transfer (LET) carbon 
ions at low and high doses. Mitochondrial functions, 
dynamics, mitophagy, intrinsic apoptosis and total apoptosis, 
and survival fraction were investigated after irradiation. 
 
Results: Compared with unirradiated cells, carbon ion 
irradiation resulted in the loss of mitochondrial membrane 
potential and fragmentation, suggesting mitochondrial 
damage was induced. Mitophagy and intrinsic apoptosis of 
tumor cells were the major responses to the carbon ion 
radiation induced mitochondrial damage. After exposure to 
low doses of carbon ions, cells initiated mitophagy to keep 
viability while tending to death via apoptosis at high doses. 
 
Conclusion: Tumor cells through mitophagy and apoptosis 
respond to the mitochondrial damage caused by high-LET 
radiation according to the radiation dose. A threshold model 
depicting the fate of irradiated cells could provide a 
mechanistic explanation for differential mitochondrial 
damage response to high-LET radiation at low and high doses. 
Our data shed new light on understanding the mechanisms 
underlying high-LET radiation induced cell death. 
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Purpose or Objective: A particular problem of modern 
external beam radiotherapy like IMRT and proton therapy is 
exposure of patients to scattered neutrons with a relative 
biological effectiveness (RBE) higher than X-rays. The 
interesting question is if there is an additive or synergistic 
effect of high and low linear energy transfer (LET) radiations 
when given together. If they act additively, then the risk of 
cancer can be deduced from the results of exposure to the 
single agents. Otherwise, RBE values must be generated for 
the mixed exposure scenarios or corrected to account for the 
synergism. 
 
Material and Methods: The goal of this study was to analyse 
the kinetics of formation and repair of ionising radiation-
induced foci (IRIF) in cells exposed to alpha particles, X-rays 
and a mixed beam of both radiations. To this end human cells 
were transfected with plasmids coding for the DNA repair the 
protein 53BP1 that are tagged with the green fluorescent 
protein (GFP). Cells were exposed to mixed beams in a 
dedicated exposure facility built at Stockholm University 
(SU). The facility is composed of a 50 MBq Am-241 alpha 
source and an YXLON 200 X-rays source. The alpha source is 
mounted on an inversed plate in a custom-designed irradiator 
which is kept inside a 37ºC cell incubator.  
 
Results: Spatiotemporal dynamics of 53BP1 foci formation 
and repair were recorded by time-lapse photography and 
image analysis. The distributions of cell frequencies with the 
specific size of foci and the size of foci itself were analysed. 
Moreover, Monte Carlo simulations (the PARTRAC code) were 
used not only for calculating radiation hits, but also for the 
biological damage in the DNA in terms of single and double 
strand breaks. 
 
Conclusion: Exposure to a mixed beam induces complex DNA 
damage above the level expected from the additive action of 
